It is generally accepted that reduced levels of physical activity are implicated in the global increase in osteoporotic fractures. 1 Epidemiological studies have shown significant negative associations between physical activity and osteoporotic fracture risk 2-4 whilst cross-sectional studies of bone mineral density (BMD) have reported that more active lifestyles are associated with a higher BMD. 5, 6 The most convincing evidence for a causal relationship between activity and BMD comes from intervention studies, some of a randomized design. 7-10 Nevertheless, it remains unclear precisely which types of physical activity should be promoted, and at what frequencies, in order to attempt to reduce fracture incidence. In this study we have examined the role of habitual activity in a large group of postmenopausal women resident in Nottingham, England in order to identify which activities currently undertaken by such women are most strongly associated with BMD.
Background Reduced levels of physical activity have been found to be associated with an increased risk of osteoporotic fracture in a number of epidemiological studies, and intervention studies have shown beneficial effects of exercise regimes on bone mineral density. It is not yet established, however, which specific forms of customary physical activity are most strongly associated with bone mineral density in postmenopausal women.
Methods
A cross-sectional study was conducted in 580 postmenopausal women, aged 45-61 years, resident in Nottingham, England. The participants completed a detailed interviewer-administered activity questionnaire. Physical activity was assessed as total hours of participation per week in activities including housework, walking, gardening and sports. Stair-climbing and self-reported walking pace were also reported. Bone mineral density measurements were made using dual energy x-ray absorptiometry, measurements at five sites were used in analysis.
provided by the Nottingham Family Health Services Authority. These women were invited to attend information sessions, followed by screening clinic visits. The main inclusion criteria were postmenopausal status, good general health and no use of hormone replacement therapy (HRT) within the previous 3 months. Also, to ensure that few women in the study had osteoporosis no more than 10% of subjects were permitted to have a spinal BMD <0.8 g/cm 2 . Full details of recruitment for the trial in Nottingham and the inclusion criteria have been published elsewhere. 12 In order that this cross-sectional study of activity and BMD contained a sample more representative of postmenopausal women in the Nottingham population, a second group of women was recruited by recontacting a random sample of those unwilling or ineligible to participate in the EPIC trial. For the current study these women were required to be postmenopausal, but women previously excluded due to low BMD, use of HRT or medical conditions were now eligible to participate.
The study was approved by the Nottingham City Hospital Ethics Committee and all participants gave written informed consent.
Questionnaire
All participants completed an interviewer-administered questionnaire, which contained detailed sections on physical activity based on the Allied Dunbar National Fitness Survey. 13 This contained questions on 'heavy' housework, 'heavy' gardening or home improvement work (DIY), walking (distances of more than one mile), cycling and sporting activities. Data collected included frequency, duration and intensity of each activity over the previous 4 weeks. Information was also collected on stairclimbing in an average week and usual walking pace.
The questionnaire also contained sections on other potential risk factors for osteoporosis including medical history, menstrual history, use of HRT and smoking.
Clinical measurements
The BMD was measured using dual energy x-ray absorptiometry (Hologic 2000, Waltham, Mass.), at the following sites: anteroposterior lumbar spine (L1 to L4, AP Spine), proximal femur (neck and trochanter), total radius (radius/ulna) and whole body. The present study used baseline BMD measurements made prior to commencing therapy for participants in the EPIC trial, for the other participants BMD was measured around the time that the questionnaire was administered. The coefficients of variation, assessed in the 428 trial participants, were 1.5% for the AP spine, 1.8% for the femoral neck, 1.4% for the trochanter, 1.0% for the total radius and 0.9% for the whole body.
Postmenopausal status was confirmed by measurement of serum FSH. Height and weight were measured at the time of the BMD measurement.
Statistical analysis
Data analysis included multiple linear regression (for continuous measures of activity) and analysis of variance (for categorical measures), using SPSS for Windows and SAS, with measurements at each of the five BMD sites being used as separate dependent variables. Variables considered to be established risk factors for osteoporosis were treated as confounding variables and adjusted for in the analysis. These were age at scan, height (cm), weight (kg), years since menopause, duration of HRT use (in months), pack-years of smoking, use of corticosteroids, osteoarthritis (doctor diagnosed), a previous fracture caused by low trauma (such as a fall from standing) and a family history of fractures (defined as a low trauma fracture in a mother or sister). In addition a study factor indicating whether the woman was a participant in the clinical trial was also adjusted for in the analysis. The statistical assumptions of the analysis were checked using a residuals analysis. The significance levels quoted are two-sided, with P-values Ͻ0.05 considered to be statistically significant. Several measures of physical activity were calculated and incorporated as explanatory variables.
Total physical activity (hours per week)
All reported activities except stair-climbing were included and an average over the previous 4 weeks was calculated.
Total sporting activity (hours per week)
Calculated as above, but excluding housework, gardening, home improvements (DIY) and walking.
Weight-bearing activity
Activities were classified (by EJB) according to whether they were considered to be high or low intensity weight-bearing activities for the spine and proximal femur, without knowledge of any BMD values of individual study members. Participation at least once a week regardless of duration was required for inclusion. 13 Activities were ranked as vigorous, moderate or light in intensity only including activities performed for у20 min on average. Each subject was then assigned to one of six levels (Appendix).
The Allied Dunbar Fitness Survey classification

Participation in individual activities (hours per week)
Calculated for activities with sufficient numbers namely housework, gardening, cycling and swimming.
Walking
Three indices were calculated: (1) walking frequency: total number of walks of more than one mile taken over 4 weeks; (2) walking duration: total h walked per week (for distances of more than one mile per episode); and (3) current walking pace: self-reported as either slow, steady/average, fairly brisk or fast.
Stair-climbing
The total number of steps climbed per day at home, work and elsewhere, converted into flights, assuming an average of 13 stairs per flight.
Peer-comparison
Subjects classified their current activity level compared to their peers as 'much more active', 'slightly more active', 'average', 'slightly less active' and 'much less active'.
Results
A total of 7784 women were sampled for the EPIC clinical trial, and 428 of these were randomized into the trial (5.5%), of these 349 (81.5%) also took part in the present study as did a further 231 women (51.8% of those eligible) who were recruited from the group of 602 additional women sampled from those unwilling or ineligible to participate in the trial. The mean age of the 580 study participants was 53.2 years (SD 3.8 years), their mean height was 161.6 cm (SD 6.1 cm) and their mean weight was 66.7 kg (SD 10.4 kg). The women were a median of 6.0 years after the menopause (interquartile range 2.6-10.5 years) and 228 (39.9%) reported having taken HRT with a median duration of 20.5 months (interquartile range 6.0-48.8 months). Of the participating women, 51.0% (295) reported ever having smoked, with a median pack-years value of 17.3 (interquartile range 7.3-26.3) and 14.1% (82) reported having taken corticosteroids. Some 13.3% (77) had a diagnosis of osteoarthritis, 29.8% (173) had sustained a previous low trauma fracture and 31.4% (182) gave a family history of fracture. There were small numbers of women with missing information for some of these confounding variables.
Most of the women (97.6%) had participated in some form of physical activity in the previous 4 weeks, predominantly housework, and 35.8% of women had participated in sporting activities, mainly cycling, swimming and keep-fit or aerobic exercises (Table 1 ).
There were no significant associations between BMD and either total physical or total sporting activity, although most of the regression coefficients were positive ( Table 2) . When activities were categorized according to the level of weight-bearing involved, only a few women (1.4%) were participating in high intensity weight-bearing activities and there were no significant associations with BMD (Table 3 ). Using the Allied Dunbar Fitness Survey classification, 13 only 10.2% were in the most vigorous activity levels (levels 4 and 5: Appendix) and there were no significant differences in BMD between all the groups (data not shown). There were also no significant associations between duration of participation in housework, gardening, swimming or cycling and BMD at any site (data not shown).
There were significant relationships between walking pace and BMD at the trochanter (P = 0.013 for linear trend) and the whole body (P = 0.045 for linear trend) but not the other sites (Table 3) . Only a small number of women (22) reported a fast walking pace so these were combined with those reporting a fairly brisk pace. Women in this group had an adjusted mean BMD at the trochanter that was 8.4% higher than in those reporting a slow walking pace. No statistically significant associations with BMD were found for frequency or duration of walking overall (Table 2) , however in those women reporting a fairly brisk or fast walking pace, there were significant associations with the frequency of walking at least one mile at the PHYSICAL ACTIVITY AND BONE MINERAL DENSITY 243 trochanter (P = 0.018) and at the femoral neck (P = 0.019), and a significant association with walking duration at the trochanter (P = 0.032) ( Table 4 ).
There were significant associations between the number of flights of stairs climbed and BMD at the trochanter (P = 0.016) and the whole body (P = 0.012), and a relationship of borderline significance at the AP spine (P = 0.085) ( Table 2 ). All but 46 women (8.5% of the 540 women able to recall the precise quantity) reported some stair-climbing, with a median number of flights of stairs climbed of 10.0 per day (inter-quartile range 6.0-15.0).
There was a significant linear trend (P = 0.027) between BMD at the trochanter and the women's description of their current activity level compared to their peers (Table 3 ). Women describing themselves as much more active than other women of their age had a 6.0% greater adjusted mean BMD at this site than those describing themselves as much less active.
All analyses above were repeated without making adjustments for pack-years of smoking, use of corticosteroids, a diagnosis of osteoarthritis and a previous low trauma fracture as it was considered possible that these factors might lie in the causal chain. Omitting these variables tended to slightly increase the statistical significance of the effects of stair-climbing and walking pace, whilst the significance of the remaining activity variables was somewhat reduced. The overall findings were little changed. 
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Discussion
The results of this study were unexpected in that the traditional approach of amalgamating answers to a wide range of questions to obtain an assessment of total customary physical activity did not produce any significant associations with BMD. In contrast, two very specific questions on habitual walking speed and frequency of stair-climbing did yield strong associations, providing encouraging messages for health promotion.
This cross-sectional study is large and recruited women using a population-based approach. Since the participants in the clinical trial were only a small proportion (5.5%) of those initially sampled we recontacted a sample of women who were originally excluded, did not respond or who refused to participate in the trial, for inclusion in this study to increase generalizability. There was no significant difference in BMD between the two groups. Although many of the women who were recontacted still refused to participate, selection bias would only occur if the associations between measures of activity and BMD differed in responders and non-responders, which seems unlikely. Only a few women (12) knew their BMD values when they completed the questionnaire so recall of activity levels should not be affected by knowledge of BMD. A particular problem however, as in any observational study, is the possibility of misclassification of responses both in the activity variables and the confounders. Misclassification in activity variables would tend to underestimate the true effect and could in part explain the lack of association with total activity assessments. Misclassification in the confounding variables could result in residual confounding whereby activity effects are overestimated, although it is not easily apparent why this would lead to spurious associations with only some of the activity related variables.
The lack of influence of total activity is not consistent with a report of significant positive associations between vigorous physical activity and BMD in women using a similar questionnaire 14 and also differs from studies in which physical activity was found to reduce fracture risk. [2] [3] [4] 15 In the current study, however, the assessments were dominated by participation in activities of fairly low intensity such as housework whilst few women reported participating in vigorous or high impact activity which inevitably reduces discriminative power.
Walking was described in detail and it is of interest that reported walking speed rather than duration was significant at the trochanter and whole body. Furthermore in brisk walkers the frequency and duration of walking over a mile at a time were associated with increased BMD at the hip sites. These results are consistent with current views that mechanical strain is an important influence on bone 16 and are compatible with work by Kerr et al. 17 who showed a site-specific response of bone to resistance loading at the trochanter but not the femoral neck. Studies of hip joint loading during walking 18, 19 have also reported substantial increases in hip joint forces associated with increased walking speeds, suggesting a mechanism for our finding.
Another study of walking 20 found that duration was significantly associated with BMD at the spine and total body, only when comparing women walking less than one mile per week with those walking more than 7.5 miles per week. A study of more active women 21 found weak associations between walking duration and BMD in the spine and hip, but walking was strongly related to other activities which could have confounded the results. A prospective study of fractures 22 found that participation in regular weight-bearing activity, which was mainly walking, reduced fracture risk over one year, however fracture risk is influenced by factors which reduce the incidence of falls as well as by BMD.
Randomized controlled trials of extra walking in healthy post-menopausal women have either failed to provide evidence that this improves bone density at the hip or spine, 23 or at best have provided tentative evidence. For example, significant improvements have been reported for the calcaneum but not for fracture prone sites. 24 A study of walking while wearing weighted belts reported a 0.5% increase at the spine which was significantly different from a 7% decrease in the control group, who may have reduced their activity levels. 25 One study found that walking at 7.2 km per h (comparable to racewalking) increased BMD at the spine after 7 months whereas brisk walking at 6.2 km per h had no effect; 26 normal walking speeds are about 4.8 km per h. 27 Our results would suggest that extra walking is associated with increased bone density at the trochanter and whole body but less so the spine, provided it is taken at a brisk pace, as determined by the walker.
Stair-climbing had positive associations with BMD at the whole body and the trochanter, a site of attachment of major muscle groups used in both walking and stair-climbing. This is consistent with a bone-loading effect at weight-bearing sites. Interventions which have included stair-climbing, along with other activities such as jogging, have been shown to increase BMD at the spine and hip 9,28 but there are no randomized studies of stair-climbing alone. Some of the reports of significant inverse associations between activity and fracture risk included stair-climbing in their assessments. 2, 15, 29 Stair-climbing itself is difficult to quantify, several women were unable to recall precisely how many times in a day they climbed stairs, any misclassification, however, since likely to be unrelated to BMD values would cause a true effect to be underestimated. There are also a number of potential confounding variables for the association with stair-climbing which we have adjusted for in our analyses although as stated previously it is possible that some residual confounding may remain. Further studies are therefore required to confirm our finding.
Our findings of significant associations between specific activities and BMD at the trochanter have considerable public health implications in that a large prospective study 30 recently reported that among all the bone density measurements, BMD at the trochanter was the best predictor of future hip fractures. Whole body BMD was also found to be a significant predictor of hip fracture.
In conclusion brisk walking and climbing stairs are practical lifestyle changes which can be recommended for incorporation into daily activity. The use of posters to promote stair-climbing as opposed to using escalators has been shown to be effective in women. 31 These familiar activities are safe except in frail elderly people and likely to be more acceptable than intensive exercise regimes.
